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Abstract— A highly sensitive, and selective photoacoustic 
(PA) sensor pumped by a single-mode mid-infrared (MIR) ns 
pulsed optical parametric oscillator (OPO) has been developed. 
The sensor has a wide tuning range covering absorption bands 
for a large number of molecules. The potential sensor 
applications include climate, environmental, and industrial 
monitoring and monitoring of exhaled breath for medical 
diagnostics. The sensor has been validated by monitoring 
acetone, formaldehyde, butane, propane, methanol, nitrogene 
dioxide, and methane.    
I. INTRODUCTION  
Sensitive trace gas detection is very important and finds 
application within urban air quality and emission monitoring, 
industrial gas detection, food processing, security monitoring, 
breath analysis, to mention a few cases. Ideally sensors are 
expected to be cheap, portable, miniaturized, automated stand-
alone devices, which are highly sensitive and species selective. 
For this innovative photoacoustic (PA) sensing is very 
promising technology [1, 2]. A newly developed broadly 
tunable MIR OPO source has been used for the measurements 
of various molecular species, including acetone, formaldehyde, 
butane, propane, methanol, nitrogen dioxide, and methane [3]. 
Spectra of both individual molecules as well as complex 
mixtures of various molecules were measured in the MIR 
wavelength range. The gasses measured are all interesting for 
health diagnostic and/or environmental monitoring.  
II. EXPERIMENTAL SETUP 
The MIR OPO and the PAS cell are the central elements of the 
sensor. The MIR pulsed OPO is a single mode source, based 
on periodically polled LiNBO3 crystal and provides a 
bandwidth of less than 1 cm-1. The repetition rate can be 
changes continuously from 10 kHz to 80 kHz, with 10-20 ns 
pulse duration depending on the repetition rate. The 
continuous tuning ability of the OPO repetition rate allows for 
synchronizing with the acoustic resonance of the PAS cell, in 
equivalence with a modulated continuous-wave light PAS 
setup. The OPO is tunable from 3100 nm to 3800 nm and 
delivers up to 3W of average optical power. The acoustic 
resonator is designed to resonantly amplify the acoustic signal 
generated in the gas as a result of absorption of the modulated 




III. EXPERIMENTAL RESULTS 
Measurement results of acetone, butane, formaldehyde, 
propane, methanol, nitrogen dioxide, and methane will be 
presented including mixtures of these gases. We demonstrate 
that the PA sensor can resolve the various molecular spectra 
with an instrument limited bandwidth of 1 cm-1, thus allowing 
for differentiation of the individual gasses in a complex 
mixture. It is demonstrated that the PA sensor exhibit gas 
concentration sensitivities at the ppb level for the PA sensor 
are demonstrated.  
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